Androgens play pivotal roles in the development as well as homeostasis of male reproductive functions. Although both major steroidogenic tissues, the adrenal gland and testis, produce androgens, testicular Leydig cells are well known as the main source of physiologically active androgens. In mammals, at least two types of Leydig 
Several researchers recently waded into this controversy by adopting a lineage tracing technique and clearly revealed that FLCs persist in the postnatal testis, at least in mice. 11, 12 Although these analyses clarified the fate of FLCs, the origins of FLCs and ALCs remained a matter of debate. Intensive studies have identified progenitor cells for FLCs and ALCs in the fetal testis and neonatal testis, respectively, [13] [14] [15] and these results suggested that FLCs and ALCs have distinct origins.
However, a recent study instead suggested that FLCs and ALCs share a common origin, 16 and also that perturbation of FLC differentiation in the fetal period affects ALC differentiation later in puberty. These 
| MORPHOLOG IC AL AND FUN C TIONAL D IFFEREN CE S B E T WEEN FE TAL AND ADULT LE YD I G CELL S

| Morphology of fetal and adult Leydig cells
Leydig cells were initially described in 1850 as testicular interstitial cells containing characteristic lipid droplets. 18 Since then, numerous researchers have observed Leydig cells using electron microscopy; these cells were identified as the testicular interstitial cells, which have abundant smooth endoplasmic reticulum and lipid droplets, mitochondria with tubular cristae, and crystals of Reinke. 19 Most of these morphological features of Leydig cells match those of other steroidogenic cells such as adrenocortical cells, and one study supported the hypothesis that Leydig cells are the main source of androgens. 20 Most morphological studies of the testis have used the rat as a model animal, and some of these studies demonstrated that FLCs have numerous lipid droplets whereas ALCs contain a small number of them. However, this morphological difference between these two cell types was not apparent in the case of mice. Therefore, recent studies attempted to identify the genes that show distinctive expression patterns between FLCs and ALCs, and to date, several molecular markers of FLCs and ALCs have been reported.
| Androgen production in fetal and adult Leydig cells
Androgens produced by FLCs induce masculinization of the fetus:
the development of external genitalia such as the scrotum and penis; the development of the accessory sex organs such as the epididymis, deferent ducts, and seminal vesicles; and male-specific neuronal network formation in the brain. Testosterone, the most potent andro- 42 pituitary gonadotrope, 43 and FLCs. 44 Identification of the FLE (FLC-specific enhancer of Nr5a1 gene) was followed by another study which confirmed that FLE induces reporter gene expression in FLCs but not in ALCs, 11 and simultaneously suggested that Figure 1) .
| ORI G IN OF LE YD I G CELL S
| Origin of fetal Leydig cells
The testis originates from the genital ridge, a thickening of the ventral coelomic epithelium. The genital ridge at the early fetal stage is undifferentiated and has the potential to develop both testis and ovary. 
| Adult Leydig progenitor cells in neonatal testis
The number of FLCs declines after birth and thereafter another Leydig cell population, ALCs, appears and rapidly increases in number during the pubertal period. However, once ALCs have occupied the interstitial space of the adult testis, there is a low rate of ALC turnover. Therefore, it is difficult to observe differentiating ALCs in the adult testis.
An alkylating reagent, ethane dimethanesulfonate (EDS), has been identified as a Leydig cell-specific killer. EDS treatment induces
ALC death at 1-3 days after the treatment (Days 1-3 
| Common progenitor pool for FLCs and ALCs in fetal testis
As 
| FATE OF FLC S IN THE P OS TNATAL TE S TIS
As Leydig cells show characteristic features such as abundant smooth endoplasmic reticulum, mitochondria with tubular cristae, and lipid droplets, this cell type has been subjected to numerous histological studies. In particular, electron microscopy analyses of the rat testis In recent studies, the Cre-loxP system was used to label and trace the FLCs. Kaftanovskaya et al used mice in which Cre recombinase is expressed under the control of the Retinoic acid receptor 2 (Rarb) gene promoter, and reported that FLCs persist in the adult testis. 12 In another study, Shima et al generated FLC-specific CreERT mice by using FLE of the Nr5a1 gene and crossed these mice with CAG-CAT-EGFP reporter mice. 64 Using the double transgenic mice, they labeled FLCs with EGFP at E14.5 by tamoxifen treatment and analyzed their fate in the adult testis. The results showed that EGFP-labeled cells persisted in the adult testis, and these cells did not express HSD3B6 and HSD17B3, marker proteins for ALCs. These lines of evidence strongly support the conclusion that FLCs persist in the adult testis, at least in mice.
| DE VELOPMENTAL LINK B E T WEEN FE TAL AND ADULT LE YD I G CELL S
| Influence of fetal Leydig cell dysfunction on adult Leydig cell development
Although FLCs and ALCs have been considered to be independent cell populations, several studies have reported that FLC dysfunction resulted in the functional failure of ALC. van den Driesche et al attempted to suppress androgen production in the rat fetal testis by treating fetuses with dibutyl phthalate (DBP) and analyzed the effects at later stages. They found that DBP treatment induced reduction of anogenital distance (AGD) and compensated ALC failure. Interestingly, these effects at later stages were observed when fetuses were treated in a limited time window (they called this period the masculinization programming window). 65 In another study, Su et al eliminated FLCs in the rat testis by EDS treatment at neonatal stages and analyzed the effect of FLC loss on ALC function in the pubertal and adult periods. They found that testosterone production was dramatically decreased at P56, suggesting that FLC dysfunction attenuates ALC development in the adult stage. 
| Dedifferentiation or degeneration of fetal Leydig cells in human fetal testis
Most previous animal studies appeared to support the conclusion that FLCs and ALCs are independent cell populations, and it has been generally accepted that FLCs do not contribute to ALCs. 67, 68 However, observation of human fetuses conversely suggested the possibility that FLCs dedifferentiate and contribute to the postnatal Leydig cell population.
One of the largest differences between rodent FLCs and human FLCs is LH dependence. As noted in the previous section, FLCs in mice develop independently of LH throughout the fetal period. 26, 27, 69 In contrast, human fetuses are exposed to hCG secreted from the placenta, and the FLC population is dependent on hCG. 70 Serum hCG decreases at the second trimester of pregnancy, and the number of FLCs decreases in this period accordingly. 71 Moreover, several histological features suggesting FLC degeneration or dedifferentiation, such as cell volume reduction, electron-dense cells, and lipid droplets in the degenerating cells, were observed. [71] [72] [73] Thereafter, the hypothalamic-pituitary-gonadal axis was shown to be temporarily activated and Leydig cells were found to reappear in the neonatal testis. 74 
| FLCs dedifferentiate and thereby redifferentiate to ALCs in mouse testis
Recently, Shima et al adopted the powerful genetic tool lineage tracing analysis to reveal the fate of FLCs in mice. In this analysis, FLE of of testicular dysgenesis syndrome (TDS) in humans. 76 TDS is known as one of the causes of male infertility, and epidemiological studies suggested that its pathogenesis is attributable to a low testosterone level in the fetal period. 77, 78 Further analyses of animal models might provide clues to clarify the causative mechanisms underlying the pathogenesis of TDS in humans.
Finally, the lineage relationship between FLCs and ALCs is still a matter of debate. Observation of human fetuses suggested that FLCs dedifferentiate to give rise to postnatal Leydig cells. 79 In addition, recent lineage tracing analyses strongly suggested that FLCs dedifferentiate and redifferentiate to ALCs also in mice. 17 However, it is still unclear whether all of the ALCs are derived from FLCs or some of them differentiate from their own progenitors. It is anticipated that future studies will resolve this important issue.
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